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|w53i«fcfta cRT^t 3o5«F «J^ / 3 




ar arf totrt tort wt. RRft to Rretft amror tojr ^ tot 
RF jdfl jTcn^r crcim; Rtg w wr °tor arft mmM\ 
aRRt etft erofr srfta^t tot tor FTTORfRnft apjigR RTft. TOftR 

TOR %w\ WRFTT RFRTFtSiT TOITRT fcRTT RRTTO ^TFt Wt. RT§RT% 
^ilHR'ft RTR <TRTOTft ^TtT% l=kfld{l '5IT?^T aRT%; Rtg c^TTvTT TO> Pfc.ft, 
HoilTOI TTOf TOT TRTOT RTOTOT RjHI^I TPTFTTR RFRTTOT aRffa 
TORt; R*g ItRiT 35TOR TOT etft TOgR TO TOReft R TO TOM 
RFR WT aTTTOft STTOT foxjldfl Rfpt feR SPRINT RTRRRT. TOTRTR 
dIdftwilTO, R3R ^TFt^T ^TOTT TOft 4ITOTO HRTO4*t RTRTOT RtR 
ST RtTOT tefT RRS 3#. 

aRTO HSTO^fl RTRft TOt. Ir, Rt%, 3R aTTffaT 

an^Th 35RR H|URll*i 3TFT# ^Tcft RTRReft R teR R[t*R OTTf&T ^cl<?l«K 

A 

RITOMI TOTO RPR %TO% ft Reft TgTO RTR#. ansf RltR RR^t 

rff taron ^tt totrtrt rtoPt rtw% %rt aft toftor rtf^tt 

3TOPT 35RR MT Reft ^ U RI*T fieri TOT RRft Piffl'd 1 3TT%. t.e*) J ll5*n 

TOfpR Rig rtrto. rtfrr att torrrt rtsrt rtorf ta> rftrtt 

ftTO. <m RTOTOS^ gRRfft I TOFTO RTFJTO 3TOPT WlR RTSR 
Rl^Rid ?nt. eRtR ildtoeK RIRRTTO #RTOT qftt ^3TOR TO (Fly- 
ing Machine) TOR STTTOReR 3TO %RIR5 R^ RtRTOReR^ RFJR 
■3TTTOTT HPjTO R65RR \JSeTT tfR, aRt STOTt TO TOR RRTOTTO 
feldqflcf ^TORT ■STT^ET. 

RFRTRT TOR liflt gRTRft t TOT aRRR Rpf?PT TO ant. 
^ > Rl t fl c Hs T t 3TTTO R^R TOR RTOR airKinfd tar §TTOTT; TO TORlff 
TOTOTOT # Rw(f RTRRft TORT TOft RpRT TR3TRT aRRR TOf$PT 

Rtotot tofttot arfsqT rto^to aR#. tto^ Rptptot 
tor ^(WhiT aidilHfd ^ TOTOT 4^l<fl<?il dl J |U|MI RT^TOT ^ITO 



RFTf TORT! RTO ft?fl9it RtRRRlft^ST ^RT^T f«% R5^f 
TORT. 

RT RTOT^eR TOTRT ff^RT TOT RtcST wf^R ant. 3RFft 
TOT ^fPRT T^aFft R?^[R TOTRT Rfe^t t?ft 

3il Pi TOTOR TOR R5pf?PT R RpfRRR -3T5TF RTf^tTOT TOTRPRt 
^RT^It ¥TRR TO fldKRlfl RTRRTTO fcTRT ftRTRT RTt RTOT 
a#T ^RT^t ^R® TOT TORPTit R gSHt TORR RRTff; tR5 ftR f^RT 

w an%RTf tsiMt ^rt^t t arofr ^tott arRfRPRfRr Ri^tt 
TOFRit rtrr ant anf&r ftRrfkr ar^TRit §t^to«^ r 

TORRTfR^ RRo5t 3RR RR RRTORTlft ^RIRl'RI RFR RTR TORTT 
ant. Rlt RRTO ^Rl'flyri R^TO ftR RT^R. f^TRTR anRRltt RTft. 
fcRTT ^R RTO RTft # 4l(^ J Wlfl Rt^TT RPTft. TOT afRR 

aRTT ant rt anR feft. arro rthut tojtorRrt snRFRt rtr% 

«^RT TR fRTR)tt Rpft TOTR RTRT M^T. ^RR RtRRRTft T^5PT?JR 
RTtT RRTORft, TO RTftt RTT RRtRR® RfftTOTOR RTf^Rft RTRT 
?Tt«JR eft TOft 
RRPT^t R t^T 
aTPRRTR^RRT 
RTTRt ^TTRTcT 
TOTOt. RTrT 
T|TO RRR ^c5 
STTcft. aTFPsft 

RRo RRRRT 

TORt ^RTRft 
RRrf=FRPT^R 
^Hl RiWIRfl 




sfrrofrTOn i \ 



TOTTOflTOr^ftTOftRTO I U 



3*ri=n 



anjr’-w wfri 




f?R ^r^rfr <3&fi> pi itmt. <k ■Mto 

414,06 4m4i4l sM<l44l 4*1^ 3TRft tt 4Wi 3lMHl4a1 fliffh <lfs?4l 



wtho 



ant. $*iiei5)4 frajT hhiuim *rct. ernt^pfl m\ 
SRett 3RTC 'jtLL RSt SlTt. rMI^ £e||<£| 4 *R*Rt ^T ^n^iW 

tRnt wrnrt snt. ^c%o ^Mim^r 5 ^ grafts 

^r tit <r ■snrFKiw snt. c*rnj& ?ifH-4R, tfSRf, <£# <fHttt 
?fFl%. ^RHIK, f#t RFR WTTT RT^T t 3TFT ^ 
^r#. wtw ^mk^t M gen^twr fas wn cf 
RRRRn^t 3T 3fiR 'WH'JH Kll^l cR <^<fil^^4l34<olVl<t, $l441tll<Sl 

§en4>l 3FT5 <ni j i4. 

f|W SFR cp#Rt RT ^elletjlR^ ^ftNr RRJ> mfRn Rtt. 
3 L L << ^TT TRR tn€ft RWT '3 RPTRRT h 4 c^ ^fT#FfR#^f fit. 

[4><c4lo6 s[^f mt ■sntR. rtr 414 <4 wnt 
*nftR ’jjfftstT crrrt f^ ; ntg fsnfjr srrt. smt (Bail 
Bearings) *m 3RMT Sfttt aRTcTTcT. aTRRTW ^nfttl^ (caliper 
Brake) sRmH'hK'h '3RRTRT. 



• •• 





£c|l«i>KI <HFT 



❖ ^ : 

3nqw anwam fef ?t ^ferefe q^rferr fer rR ant. 
H|U|tfig% OTR qfen*Rt tb|u|^ nRRR att Tlfeft rift afe#R£T 
rjrr nnfr m <fet fe fefer. qTigqtnnnfa Rfe fer <fenn #t 

3Rfa <R at JpR MRS tfq. W yjo^MRw q^R 3?]6iq3 fTRM 



MTTW n^ffe srfcRfST feffM; qtrj ffasyRi cRRl^ ns'ltal«m 
(Cylinderical) W5 RT nSW tt cR W , 3TT5 t^RT 

jrfrTfRT (Resistance) ST^R T^H <*>41 3RRTt. Hl u KlM q^fT Ml* Hit 
qqi fRRRRT *3# feHT <nfet •3RTRRT. feti feTT W^ 

<U J lHl4>K qRfsn WTSWT^jqf)' nRRTM qRq^i qifq^ (Me- 
chanics of Rolling Friction) 3fl?ft aRffe 

arm amt mflfen $r ff?f n nfenR nMt 

Mlt> tfentfe fen ^RTTfRTT ai<WaK<sft ^ aRRT. ant ant 



(Spokes) 'JllS'j^s ?tcT. j ii41^ii *FR aiRR qrfen fwferr 
3TFqtRT gvfer I 3TTt Hg 33335 3RRT. afefRRt vfefepiTT nt. 

anjjoi RafFRfe yqW" <a§ i, qqs MR33MT anH^rm aiRacqitl 'Jii4lq 
sfej taR «t)(ln. 

arm apife qrflfen ttt-Rifer wsf 3^-taT ^i^nar 

qftRKT qi*MI R^fRZf RRft STRft. Rlfef d«Hlt<R3 (Principle 
of suspension) aqqiMid '3TT D TvTT ^IW. nT35T3nntqqRft tt 'him (Central 
Hub) 3 rrt t nr w m 3T?a aRRt. *n ’trim m?m qr^ 
RcbMi qr^r (Rim) <r ^ 1^43 aqqRfr annR fernfeft nr aran^n 

MIoJl^TT cRRT 3Fft qR® MRtft nfe®a ^RT aRT. tRIRTT qR® 

^tmm d a*n 3 rr m &rt nr at q5RRT aa^niR mfr. RRig& 
at fer r«rt mat a ^dl^l; qt§ am nfeRT afen feft mRa 
*nr afe®a ^rt nf qiu rr qr fe#R^ qj^RR 

cfW aRRt. WRRR #qqs®DiR qtTR'n ^r (Rope Suspension Bridge) 

qrt%% ant r? rirt^ n^r 
(MM aqfe %fRT aiwr. nRlt 
ant mw nRT^nR qnR%% aranm. 
rqi^ai MfeSTT qaRR^ 
tla> sfef. 

arit fen 

(Radial) RK# aRRT. MflnT 

aiitoM RferFRt qi u i PihRi qRqmrr 
0 \ 

tf . %aiRw nrn a Rifen ^®|n 

Mfe^t fe®n^ft (Rim) n wt 
W\ (Hub) feT iJcbM qqfetT fe a#. PRt £I®nT 

tf; ntg Miqn^i fefemt tarftw ^ fen (Torque) w 3 rrt. 







mqqMfen 9fnrRfr trt 1 3 q 



qjqch^aiT gfRTMft nRT 1^ 



dT RRHT C II5“1 SldT <fld *Dsq$TT ^ 3TR 'Jlldld. 

i?"P ^BRT to %3#T torT mi ^ ilctaMI dFT 3RRIFT 
*TFT toll 3nf . MNM^li4l toto WFTPTT qitoto ft <2T<R*TT 
3 Rt. to WIT tot. 

❖ 

3TRtot 'dFIT FqdRd 
tpT dto ^kto toft. fto 
feSFT^p ' 3 ftcrfr% SRRTRT 
?Rt dT *lto «T' 3 i f< J I <n I fa**, 

TR® ftotTTTto H sft^rTT 

FT$R<to (Tangential) Fftor ^ 

3RIT dto 'jTTcfTcT. dT 
qito to STTdFTT dl^t *ft% 




totoR tot. ft 4 RtlW< FT?f tofa; *Rg ftoRR# 
tofft^T TtfRlRR told. 3RTT did# ftdd5B (sprocket) ftotoft 

fcTjt frto to ft tow dFT ffttor to d fftto 

F’jpf ^ fto. to <pnw mRett^r tokrto ftft ftotot into 

ddK ft% d 3TFW tor toTPTT dFTFJ& RRIdT JTfftdTR tot. 
fftdtofKf totft (Triangulation of Structures) ft drd fttot 'PTdtoTT 

Ftof tototo q^torit dto to. to toctrt to to 
ffttor to dto dTtoto to to «wdito to. *?ip ^tmt 

hRmM< to toldHT t^r SfTdlftt dtodT RTW fftto dm tod 
nr FIT jto 3TTdTftt 5$sqT ftoft to i^frHPp <3TT^ <3fi«M|I| to 
'W.dMi toi^i Fto mi (Braking Torque) to^K toi didl. >to 
SRltolT to dl<fciftl ippp FRT to dRlft. 



❖ STFTT (Pneumatic Tyres) : 



vj^fT £TT 3 T ' 



sn^r^r 

TT 3 T^W 



JWT ($*) 

3 TRft 5 f 







^\x\\WSKI 



fit mutton «pftsr 

^ zmr — * 

m«rig& wto «to d 
dtot dto W^TRTT^t 
dffttodT <J CCL Reft 
RTdWRT 3TTFTT. dTRFt 
ortot tpr F# dfT 3Tlt. 
totINI^3TM|to 

ct,uq|cHaH q|c|dld. FTT^ dlfT «FTT=T tra^TFT dTWT 

tnTPFflF '3TRF' TTdT^t f?T ?TF FRT3IT -STF^. 

m qdSjw «iiB<rin sn^iT w '3 tthrw ftIw ■3ra!T. 

T.«sK i q ^tF ^ioSl^TI <3T^q> «Fi5^ I 'STTcTFT ^WT fit. qN^i41 FRT 
<HsiR i ^^T r «rtoT ftc '3tt|. q?ft 

(Rim) qRfr qT|FT Ttot dT^T (steel Wire Beeds) ^s«mvI^ 
STTTdTd. 3lto Fltt TTWT^ JF# dT W^m ^ 

q ^ qiqTsq oqqRs?d ^IHI^TT 'STpft <l5dm. 

qTdi dT^IdflF ^ITcftF ^IFM FlddTd. FIT% RBFnF 

«rfer fcrfter itdT. «tk wiRt «nq to ^Fh41=k to Fnt 
to 7 !^ qFT Fdd FddTd. FUJaS dsto "FTF (Dissipation of Energy) 

frdt. diqr ftoqw ?tor to ^p to totor toT 
qiq <utoRldl0. FIT^ qito FT^T tot qlcl. 3 IT^J»|<ij tflditot FTtnFtoT 
3.q ^ X Tldldtoq did (atmosphieres) q«l®l dT^TR '3TWT. '3T§TT 
to% qidT ^5TRd dlto 5> J |c|FTT TR fto to; ' 3Wr tot^TT 








353^ ?n^TT 






^Ttr^ q^ #jq qq? qjfR. 
q <i j is4l<i ^TT ■3RT^t% q4 q<r4> tlSd <Tsd4 



5=n^STT $i4cfl*1$ *Tf qpft fT^TFTHT 4q RR q^RII. ft 
RRrasft q q j is4i<^ji^i qqqqiftt qqf q>ftq qiftq q rftrt qiqiTpft 
MRT qR ftcRR. SIRRC qfR *TR fcftf OTlt qRT tnqift WT q 
R15^ ftTO qfftftq 3R^T 3RRT. gdl^RKlft RcT:ft qqq ^ 1 ^4 

qftq ^iqi44l qqq fftaq ^n^lw q^r n k ?tftr. spftftw w\ ftqft 

R qft M*K^I STTWft (pR:^ «NHId^*l) TOM. f^RR ft 
5RRRT tiNi qmcTR. RHT c^s^ft (Tubulars) ^ u mid. qT 
Wi^ 3RRT MI qsftft f4RT^l4t qiTTft qqRft S?HRT 
srrirtt RRft^frcf^f ftjqftft sraft. qqrraqzftr ^ qoft qiqqRT Hiafi^i 
IWftdld. qr ?W?T 3RRR q 3[R '3RlftRT RR?T 

qRTft ^IFlft ^T ^Rft RTRcTTTT; W R qTqRtftW §«TT *Rift STlM 
■S^Rlft RRT cfJRK f&ft Wltf. 



♦♦♦ ^TRft (Bearings) : 

q^M Jfrtyttil RT fSsRPjq Pl5# qit ftftft '3RRRT. RRT 
SflRT *^mid. <J*IM^I '^cilftlRT R!W q^R qpft 5Wrt 
^TTMRT tfrR RTR WT ftR Hit RFT. qfRcfftft ft?T q fftRR q*far 
«rT3q ^lltd JRn qRRT ITFT. f$!RR <i6l qRRTRT srp^R qRMT 

R3R M3T q qiRT qPJT ^Tcf. %y%\ cR qFj[ dTjq falcS RRF q 
RRift ftRft ftq qft. ft?ng& q fqr qpr siWt rr SRRqrft 
^l<4 RIRR RR qRlft RHId, 

R^d q^RT RFI^t g% RRJR qRjq> q RPRff RRft (Ball 



qpR5#aiT sftsmft qRT i 9 5 



and Roller Bearings) RFR ?tHt 
RRTRT. qqjJRjRRR qWITRT qR 
iji^rpTtir^ qs^ w qi?MT m 
RTRpffR U4>i)<*>M{H WI Rf^ft 



ftcf RTf&r m4u|I^ fPTRT qfcrtfq 
cf5*ft fTcTT. ^TTtoT qTWT^ 
4l<jii<0 4WqM q^ wm <m%. 



gRTRT -STRfrqT '3TRfRlT (Axle) ®II^J1] 
5ftf (Cone) q RRT 3R1^TT 
^TIRT qwWPgT WTmz (Cup) 
WT qf^TFT^ qT TtroR WRrT 




'SraqR. ^m\, q t q4q »tff qWiqit qqM% 
aramRT^ Ri% rrr q^qr q% qiqrq. qi^i^A q4q 
qqft ^ q5r qRariqr q% pRtqq^ qp4 (Anti Frictikon Bear- 
ings) wid. !rq q Iqr^sr I qp4 ^r fabdid. ^iqiq qrq 
m$( %qRT Rqfq^T teMRf qqq?tT %TR. 






qngoSjH^lfl f#<.dld. cHIJjoli TRT t|R# 5fRT T ftRjp 

^n?T 3RRT; TCJ dd<^4l ^ft (Rollers) '3#T j^IroqT (Bushes) 

di4< u did an*Mi. vMi^ <iddsw4 ^Rf (sprocket Teeth) fefT q^s^i 
(End Plates) RfiJT Vfa IM fRcfitT d##. R?ig& ^JT 

^ l^hdld. 'STTtjJ'ta ^loS) flfOaJl (Bush - Roller Chain) 

f# WM cR ^C Co ^n#£f «Re|# ## ft# '3nf% # TeRf 
^d^ 9 >i4$h T *Kd$TT# # # '311^41 HlcK^iissni-om sisdidi^su 
(Cam Shaft) ftrtfawiWlJl 3FK# «nft. 

♦♦* IgrT^IsF (Free Wheel) : 

% dNo HNHgdi c K Rh<#?l 51#. ^TTSTT ^fcfSfj 

3R#. # #1# #<51 R<Jl*tlW 3R#. # ^tfcdsb RdJp '3i)cQ<g<# 
5fMlft cRP# 31#. #RlsP *l4Ml fa# #fT ft 

TOft =r *1# tft; ^ ^RRP fFMT f^RiT 




fa$i wti fail faR #^t fft# ffitqft rn> TFt R taT *TT faR ^ 
jjm 333 M #s# #5#. RIT 3 & ^tinSH* ips# fa^T rqFRFt 3tr#t 
#^tf# mw JJtW*hft #3RT ^ m fa*RTT dl<hN<H< HM4g*llil 
^RRT fa^ ^TF##. TT# ft®MFR HWMgMI faR T 

RnRRT RPT 3^T ^TT#t «KW*W fiWW ^ ^t SRFT ft# 

Tt#. 

tjsrar T^fr tpsfi ’i# j?m ?n# *fu# ^ «uq*nlfl*r 

«fftc shwiRmm *ifft 3# ant. 

cR# f^R cR^ 'IIWdKII OTTPT ^tlf^RTPT #cRR f# TT#. Stfa 
SR^TT R RSTTTRT 5f^T (inertia) Wld. 

$drcTsF>r$& £d|e£lWKIdl R?TWdT TTfal 3R?TT #Tt. JJtM*MI 
cfTR ^ ffaf^n# ^TT#WtMT £dl<h) dl<^ 3RRTHT ^cT:^fT Hldidl 
'3TRTT 4 u dKHI<5t faR MWUgMI #f^TT 3RRT. ^dsbl^ MldHgdl 



^«b<5l«i|l 9T#r# sF?IT I *iC 



«ld«hc5l^l §Fldl41 ^IT 1 3 % 



*R 'TFT f^R tep '3fKFT fcs 

WRRT fePMT qtstt 3T^ RFT <3Rjm 

f^faT p(#tT?zr fM (pawl) ifORncf. Mt ta<R qiq tfiM 

tjaTMT 5Tlt q ^Mfl<?l qiq qtft flRR Hlchoilq^ T 

#. RRqRft ®TT^r ijanft c^Rtt RT ^J|=bMI Rfe (Ra- 
chet) tll«s) qTW ’ST^TcTRT. t <;d^sr>r=Hl ^idl^^fT tn& RPlt 'SJRT^JT 
WI^TT Wi 'SRTcTTcr. qqq5P RR^TT fttt ft>Rl Rlt^R 

^ Wf5TT 3RR 3RT%W ftqqfl qRRqr qim 

^t^TFR faRT R?t; q^ qqqq> RqtRZTT fttt ft*t t^5T %fUT 

Wltr 3dm q T4<i <<idi«p tua) qFjp ^s^oid. RiMHgqi 

^51 ScRIffif ^T^Tt^R 3TM ^TFT taTcT rMI^R -3T% qst. cqpj& 

R^Fg^ ^ RI*M< ^TWT qi^t. 

3RH# Wit qiq RsR t^T EfT fttt 

fo<tHf) <prp£r ?n^ mft. RH5& pnqStqr qqt sqrtfl' Rft fit. 
sqRiqsq <r ^qrat Mmg*ii q ftRtar m# srr $iq*r. 

*♦* RfcRTSRR (Brakes) : 

^i=£Mi wPRt gqiqqjit sipm f^aiRt q1 ttq* i 4l 
qw qRRfr wrr qiqqfur foRffa Rff?q#qiq 3 *ii<£)*i qtl 
ftaRT q%. HNHg^ll f^R^IT d<R <jfH<$ qi?lt. HNMgqi *lh?4l 3t 

qft. 3RRRqT ^|<4)«q RRPTpfT 3R35IT PlRtt^lRfT 
IRR'T <fcRd ^i<ftl Rtq qjsifeldl tf; q°r -HlRIcSl f^T q® RPf. fttW: 
gefiqjlwK W tqit vjTRT 3RM pt sprft^IRT q<5 q^q SfRcT Rlt. 
'idKIcHaH qRlM RTT^ qlqqqiq* fit. 'SRlft ^MlttR 

*II^i sRf^tvlT ^FRTT ]JS5JT qiqqcqT siaJlq< ^i<skii ^Tlf . fT 
^RIT wf^TRTltl IRTFl ^ cR^ ^IvlR^l ^Tlf . SR SJMcR 



?ilm4l I ^ o 



1 ^ <3Tt; ^ f^T *Rt<RT STRTRTtl 

'3TRT qftt^ qTWTTR 3Rt 

f \ wn q<^dJi m\ ctfrrt 

3TR5TRR f^RT qitt*RJ> (stir- 
rup Brake) l<taftid fTMT. ^ifl 
^ ^^TRftRSt tt 3T^Tft cfFRdT 

„ \£*' ^ qr qfttRraimtt ^wstt 

Xc )$ q^tt ^ oR?t. t q%^ 

^II4jMI qT^-cqi GTRT^TT 

fRfl <^ld^l 5TRIRT. % cr r| 1*141 PToft qpRt fluiHI spfang& 

mi 1W «irat. y^ntid $Rft qt *§nt snt. rfr fet 
Itw ^mr w arat. m qi^di m\ d<*Ni 
^qfRT ^tt sirat. qltflwtt ?trs wit m^t qfttwtRr 

rRqj qjft^ ?rPT (Machanical Advantage) It®dl. -STt^ qtlt 

qi#w fRiM m ^>qfcH wr. 

f^q t^t 3TPTT dc|*<^=l sfRTRRqj (Caliper) t^t tM. 
feRT tqpRt tt ^l*MI *||ddll HlaJl^l q^aJl*K 

^r qiwt «nf . #?pr t*q?t t m^i w ^nt. 

feiFr q^ 5R tq# M 3RRt ^ fepr t* maJIcK 

^ qrfl. anq# tor q^Rr ^rtt qt, ^rtrt 
^FR clt^ feRT t^RR# tqit ^TW RlflR. 

RW Rqtfe %sRRqT RTfMlt ^TFft ^TT?TRT. 

■RRptRRw q^lqst tr* ^<41* m rtrM sRrt. rRq> ^Rft 

¥Pl cTR RFRft 5flt q *^IH<4 fRfl qi^ 3$ ’il<HI*R RRT qq® 



RRehtt^qf 9t)qi4) qsn iqi 





zrr tofaT ^isidw. sRtonwrr «nutoR ^ riw 
ft diui^di to ft aRR*TT -to fto totof toRT 
5 3Rft to. gtot tor 4>lto?l totp WRT (Gear 

ffa tofcr to. *trt tofjR qsren to% 

R4lc^ toto torr. *fl ck j 1 1 ^1 ^fi <ti to?r % tor ^hrft 

to 



■^3^wr 



♦♦♦ ^rfcIfP (Gears) : 

§toRr ftoto jsstt 

^TT to totofT 3RRT. 

witoft i^T ^tot 

toto?r H wW Rto 



- Velocity Ratio or Gear Ratio) \ y|\ x ^B L 

W^rtor. «i^5§Sp& 

■STRiR cU*!^. ^toto VJ&tuF'' 
to^siR^tototojnfRR 

*tot ^stot^r (Hub) fto 

(Toque) HNH^hi to^T SRRTMT ftotoTT to to to W 

toto toto gtot tor fttto t to; w to totor fto 
^ toft tor rR ^tt RRRtoto ft 1 w to u i to 

to ^ to to 5 %r 3Tiw jh 4 I^k ^rtt toto. 
itor |tot tort fto ^ stsctht to ^to <r totoR 



RRtoto^ftofr^PTT RR 



to jtou ■3RTT to 



3RcTT toto W 



^rrtoto ^fr ^rtoton 'jrFrprr (chain Drivan) gsftotot- 

to*to tototo rir to jtoRitor torftprR ^r tot 

sm to. Rntot torton toto ftoR to to. to[T 
mwm toiFTT totto totow arrato tos tor^ (sprocket 
Wheels) wm ^TRET# ftofto 3RRTRT. |totot Rltot to to*TT 
sTRTrsiT tor^RR arsto# tor to to jtrr g^. ^ 
RTto to airaT-^l to^s&RR tot *tot to TpTRR tot - to 
to to^isbMi rtrt to inw Rito to# ftoft rs^ir. it 

ftotW Rrtol ‘fR’RRto fto cTTtoTT toto WRrT (pulley 
mechanism) ^TFR tofT tot. fto fsRfftPR (Derailleur) *PTRRT. 
fft<3R «K<7i u ll(l rR^ ^Rcfto *to ft f#f#R toff W =rF^TT 

to# to. RT13& wto w tto^iwr ^rt tor=J5f^R to. *rr 
totot ^sto to?RT tot w#, Ftg t tort ^ 

tojfm^Kcb cr ?Ric5PRfT ?tor to. ftoRRen ^tmt to ferr 
FRT toto 3RRTRT. c^il^K ^1## to fto TM to jtot 3RRRT. 

❖ ton^T (Frame) : 



tot-tof <pntoto ^nto q^otorr mn fto jtfpjr 

to. |toto toiMito tn^TT ^rto# toM tor. # 
’Ri^r ci«hhi tot 'to. q^r arto toto I 
tor. towerr qnKT tor wm 3TRTR tot tor 
wt ^twtrt toR tot. ?tt mr^ # tot tor sntot; 
^tt yi*Mi riT^T toRTT fto rR m <wmhsii# #tor tot «r 

HRtoto^frtot^TT R3 




arc# ^019 rmsit sRft pn^rszr fefrlufl^im 
'3 h41 j i <b?n sloi ^i<io)t=hi dNis*ik tsft 
<S* ft fl#. 

SFPTCifcH ^cc \3 H^ 3 FReft%ft. cNlHUJd 
yii<£h$ tft cfFR# mf. HRst (Moulton) gHTcfr <fa£t WT aPRJTC 

ant. t <i \ ^ tfT^ft aift^id an# n s rh^# nrR# 

OTl. 5FRS aRT# cTtt FT# ffR '3TT%?T- ^f?f 

C H4< U IMI T auHWlttltwi HT# ^RMRTT f^RTHT # fll4l4l ant H 

3 # m%. 

ffl 5 # WM ' 3 TM# J^E ? 3 # *p# di^ ll ^ l H ' ^H 
TtW HcoilWI TFR ^Raf. WT^ | am qfa5® H®n# 3 tTH 
aqiStuf On%. <rl|c>>slwHl H#T cjal^STT t«l<fcll*l d^HMI jqe 
^5R $TT#. 



••• 



®RRT fjTM HR «n^t $m ft# Tlftt$TT HRT arm# tp5 #n# 
^dHI ant. RM HT Mdcbldl HWT nT#TT ftPIS# (Cable) 

w^r ftat ^ ##kr wi hr cTTW^fr. am ntt Hinr^nt 

tPT apR q«liqk; TH H TOxTT HR <TT?dld tm HTHT3T aR# f^5T 
PPn^fFPt Hifd^bi aRTcTTcf. #r (Tower Crane) 

sm# %# (Roof Truss) T HR# 'JyT HT H#pt ar# f#ft#|RT 
T=RT aRT# arpgf^ gHT#ETT ^f|ch|-f| RRlTST RrM^kT ttrthrt 



fliq+ktMl #HT#SRHT | W 



tH 44 n 4 Ml #ST|# <h*U I 34 



[cjqlM 



♦♦♦ «I?T «T 9Ttp) (Force and Power) : 

«b)«idn^l di<HMi wrasr ddfeiHi qfeqfti d® d 9i#r dit 
^rf&RT wdit wit #51 tpafe cr^^wit ^i j ii<HjH w?5p spit 
felT Wist t§T dRJpTT (jMdldldl-dttaT fed Wilt d#t dt 
(Forces) wfcr tm. mt - dfctfems warn m 

WdHHli) d3 dFPlt ^rrnfr. (Acceleration) 

- tr drefewirM -3#^ m wit *pgt w # 1 % wd 
tl% «lco41 'JlKd Wit 9l44ld WT 4 U II-^I 3*llchl*«IKMI ^JT SPfldmt 
tr didciicii widt c4Riit5l #d wid. 




- Jlfttd d# t^IdTd. 

- q'JM <f)41 twid. 

- ?m tit Wd dd dlHtdld. 

d<*dHI d^t ddd ^ Wit SIdWd ?W dW Wd 

ddr# wr spit. ddd?F ^ifT (* 5 * 1 % wd# 4lw <tddsM<p 

4w4) d3 'flKd «UHlt «il?l. dl£d ^ <fc<dMI d d<o xIsomi 

^m 0 ! 41% dddsfr (low Gear) \i4dldid Sfffldt. 

v l1clHM STddHT 35tdT dm <fr|ukdl ^it fldt dMISlTl 
(Power) dT tdd 3R(dl. SfidJl dfttddi d3 (Force of Resistance) d 
■‘llrlHM dld< 3Idd<|d Spit. d® fel ■‘ilcidN td% Wd ^d# Wd 

sidt wit. §dfe didRdHi dtt tmt ?i#t widimT 

fet. fdd fejd ydlMMIu) (Fuel Cells) Sltdt HT^SIdPlttd WI-4Pl<h 
35# dfftdi M Refold d5*dld. dFTOfdT fd^d ^dT Rb<Rldl 

tdid. ftf£ fefr 9Tdt ts $id5did. wr |d#ttr dtt sHd^i 

'3RRT. STNdTT #Klt d5l4 SRlt, SPT# #gdT 3|<j41d l <Sl 

Wl^ldl SlCkl^d 'dKd $ld?l i^chdH RlcO^ ddt; dtjj dTTd dd® 
SpfelT 5^T drtNdl SRRt, ?Rt w# MMiUlIdd ft® srast. 
dl%t 3 pr m wit 3j%r pt t wi#t wit. ?rat 
3 m WdWI d5I3 WT ^fef, dPT ?P#-3?TKP W d)4t flrf Wt 
t dT#4t >3nt. 

❖ 9T#faT vdHI : 

^itfddMI ffeft ?T#f dRTtt dlt dTdT fetldf dHdl 

R«P 3R?td# pfe dT^WRT # §l#t dFTOTt, # 4 J l4 J lote|| 

yRUlMidi PIP WdRIlil d tn dl^ldT WPdRt Wd 




PPPB#3TT §i1dltl dim 1 3 \ 



pprm#mT yfPntt mm i ^vg 









vSSI if 



^Rj|H^ti4^U|l(l 5v5rf 

ami u h^ 



Chain) 3 4 l^lcDt|| «T ^ OTrf^T tiddsbH^ld qt# 

'Jittci +5 , ji'tfi 3 fr sraft <a4I Ms?i. ^tt fcF#4t cfe f^j 



(input Power) ^ ?FT 3R#m ?R^tW 31^ 



vH^I^I 3IHjf ^Irbl'cj ehN olci r4ldl 3Ufl| 3UH U I fetl«l 35^ ^TT. 



♦♦♦ irfcfftST (wind Resistance) : 

^ftEfte?!' 5TRT Off^RTT^TT tci^l TrfcRt^T 3itiol. FTPt 

M. FTM 3*te (Drag) **? u ldld. *IMdHI W 

3TT T mT dl$d 3Rfa ^PTfrFT $IT 3T^W ^1 3 uh<t4H?II 

I m t# ^mK«J| 3RTdHT ^ ^MT FTTWm 

Sllcrd^ntr ^r iRfteff <Flfm (Square of the Speed) HHRId 
Wf ^ fqe ffl# IR frf sffl- fit T c^KilcSt ?R§ ^ 



H^fjPT 3y3jf 344l J lld 3TFI# 3fT%. ^|I4 tHM<F ^4NIck 

qi 9 It 6H| 1%WT f&frR 3wif (Potential Energy) dUsfeHia 

cHM<df ^KTt. 3\ 3tm 3m 3mit. 

wt 3rm wr ^ww *iwr wnfft fMFn 

te: m. sm sraft Wwr 

f^wr ch<uqid ^ ftft. mj ^41ci< fiUdwi sHmi srf^mrsr 

srffa WItf. d4dit|i< u i flfMsirt (Resistance Force) * 
<^edqci% 3 rt%. qr iftM urcft <} t t^r ^tt s^tht 3 o 
mTrT. sraft ^ q%?r, ^fr ^ mRt. ^ 

?F 5^ $ra§f wft. 

■*i'l<rl<*> tfRSri^T (Ball Bearings) STdSfaT ^ fl^T *FM 3mrt. 
^irft *) SIfft rn ^ #1%. WFT tHHsloffl-om (Transmission 




tu<4«tx^«u ^ft^Tsft^IT 









■glHi J^l^l tfU anoMt tT UrbM'HltM dTU S^T tft '3TF%. MMlt 

h^rh^r uRstsr urst M Mr ap£ utm Mr mgs asgu^r amt. 

MtliWlt MfR STT 3 gsjd 1 W 5 ^r UmfelRTT UTUUMT 
't ft Sf?R g><NI •JlMIfli tt gtiaugmii) % S[U giHwl Ult % ait : 

ft gu (^jamM) 'T. o 9 <* (MT) 3 
sM snMt $mt <t>i«uii3 ^r ait : 
ft Ustf (MMT) a. 0,00 MY 3 
smgt ftur Mur grtM gmmRMr umuTt $mt snst r 
fe.tr. Mra# * M g <* k fett. Mhhi<£1 <) gt iTcrt gist. 
$ 4 fe.tr. MwiST ftgt Mm uuMt mg g 3.3 M *?ut ssr 

M g^umfe Mptt sraW <smMt tsfeumr arcrat. 

tt trg> tfe uw Met mflt gt tr gs feist ^§t Mm uisr 

ciMlcKUflM RUt gft gRST ^ WIT gidlcKUim^Tj - pfer 

uwPidHi stt^ Mm. ggfer tii<m»rt M amtsm gprrtr feu g 
Mr gfeT pM umfegmu Mfem ft trfesr wi Mr. fufer 
gietgdm us Mma sMt fe.tr. MrT gm M artel sr aMsr 
Mr us: strMT Mm. smgt um gmigsuTsfm Mr Mr r fe.tr. t 
gut ffer. tut m fttr few Mm. grgsRtsrnmMgt,;§ufefeT 
MM gurm ggfe Mu ftgjfc sttm M. ft Mr gut gum 
Mr Mur gmgmr mrsa Mtt Mr. fern g tmrnimur gfer Mmtgs 
^srtu (Frontal Area) g sumr angus g MM giurfT ft aigu^g 
amt. MsfMt uft tut ^ufeT wurt urn a gsmr 

gutga gifu ffe Muw ug® Mm. ^gfemr MmMT gsmT 
gujjMt gram gRjsr gigsfert amsrm. arm srtt asm fert 
turuT gpgRT ufeiR gut gmrm. ggfefcgrc ^ufefe trgrgu armgm 



5tmt ck IMurt mRuiih utut M (g^M) anufeu gut tfer. 
gMr arr^M ^gfermt 3 rit sfIut Mimr fe^r Mr. ^igM anufe 
gut gmmrtr gMr ^ut ^rtum ui fegssg guut gM umt - 1 
§iMMt wt tut ufe Mtr giwRT fermm. 



§TtTRU Unr MM (Contours of the Body) RTgfm |t fetr 

t gurnet MM id. ggrtT tfettur Meu tmtM angrR fetr 
tw arMt. -h^iMk aiMr. fenurt Mti% MMu angrRmR# 

guferm. ar^lT MMrt mnMMr (Stream Lines) ati'bk w\m. 

Mwr ft gut fmr. pf j iiuumi ur Mmuu gtfe fm 
muTt tMr ufet, sr |w urn gmmRMt urnurt uMr <ioo 
^uigut g>41 wit. 

ur M MMtuT aMTu ^urgMu an<iisi^iR«t gmu tt M% 
trt mfr. murntr MMr sr aiMm ggRtfesr uMr ; gu armu ur 
|ufer g fMngfm umm ut grufe qgr guru umt g riut angjR 
nr# hsumi gugfcgr Mrttrit (Tear Drop shell) Mix sr |u gut 
gusiT Mst. ut feM gMT rmsu utMT antsr. sum utsw «nt fMtsr 
j^ut srm gmurtMT aw amst. sm^ guM gM gut trt g 
Mrt umfer $m tr% ; ar?t ^urgt Rsnsumr isfer 
tgus aiM^twfegTfegMMaMg^uTM^gMstgiguRRRt 
afea siM. 



♦> ^ichTt (Pedalling Uphill) : 

^gfert uum d<kiHi ^rngt g umgr gMttr guu giM. 
sgi^ umguuT guru gsum ^ngs aMW gmgr utMT. mMtgfm 
ufttURR urn gRSTRT URTUFgr gmtm t «m tM urst amt. 



gigg^tsm sfrurtt guu i g o 



Rigg^MTSiMtrgRT I 





tK # fto n^jn nM torn mn f^rce^ nto. 3 rtt tor tot n# 



to in# r# ntot ^ to tfHdld. 

'tonn nnnton# oTN^nw onw sntot qn wt to# 

to. «n<ri<fc ^aiqiq* SRWfT ^ cl# tot f#to 35# (Poten- 
tial Energy) nr# tor # to# ^TWT Wl^tld gtot cTPI%. cnFJ& 

totw mw «i^i nm# tot to to n ftmt m tow 
nranwwn tor w to to. 



ton fn 5^ ton to to to. gto to ton totor 
ttoft ton to wn tonT^rcr wnfnnto. nrg%qnnn#nrc 
to## n^nto. tot tom tottoto totow tot totonr 
#tor tor ^jnn to. tot# nrcr to#®n ^njn nc nnr am# 
toto to to. Fn$& nr pipm ^jt w to. nr nnn tonn 
fng& toto tonpn #mn toimr toto ton# qn# 
nnn to # m nnw^t wirt f#to tototo torrcr toldi 
ntot Frrqn wr to# ton tor f## nnn tot vJcKdw toto 
topn tor |n f#tor ftormr to#nr# srto. 

❖ *TfrRfa (Braking) : 

nr^im# rttof ton nr*wi toan nr 
ni^i tonr to mto nraicr. mr^ nra? totot tot n mtot 

nm (Tyre) ftoto## totor ntot to. to tounm# to 

smto ton ni*Mi ftonm# ton touto #nmn m^r 
tor, I '3rm tot mflto to. m mtom tongto tor |m# 




nmtotogtor# w 133 



hp f f #w ( #nr#w i 33 




^ %#. 

WfcRTRT *R Chicot t^iq’vTT #1. 3R 3%# # TOT% 
%* # 3 * 531*! S|is|R<JiJ|^|^ c||H# q- 
*3#^ m RTig% #[#R 33S 3#1 3* (Friction Force) f#W 
#• 53i*lq{h 3nn*i3l«Ki 33*3T 31*14^3 %*# 31%. 

•3F1%3 5l#|uM #1%#t 5Ri?3if#r3 £3l<£l3 %3J 51% 

31\ #3. 3133 3^1, %* W# 7R3 iqt^r zn3T 5T3R %53, 
53I*M1 T Tdt %3<ot *4) *<dl ci# cfjia'i H J I3 #31 3FK 

sm\. 

?3T 332' 5R# cR |313%% I* *R% f%5R#3 3?3 31#. 

sfaj Hn# # 3T 5%% 5R# rR 5313%# W 3T3#3 3%%* 
(Coefficient of Friction) ^ 3# #%. Wijjai 3%# fuMt 5314 % 
32*3 313f%% *R 3#3 51#. I TOSTCTRT# #11^11 533 3##* 
(internal Hub Brakes) «UHRwiriiJ| #3 5f# ; tcj % # TO 
WT 5FWRT. f^lcTRT *JT3T#t *R 35 3Rfdld. RF°|3 3FRRT # 

3# 

❖ ^(Stability): 

% u Sd3<3 TOT 351*3 #3 5*11*1 3I#U3I3# 3U33R #313 
*# #• ?Rf (? u Stf3< % 33 WlN^d^'Stl 3T3 3^3 3T3f#T 

# % 5 fT€r 43 511 %. 

3%## 3# mm ^*1 %TOR 5f3|3T #3 3# 33^3 
#T 3T3I®3 5R#. <RT13 53l*)wK%l 53T3% 51°3T 3F$jEr 35^ 313# 
fR 31* 5F3T 31^31 3®3# 3 531%t 3^T 3W ##*3T 313 t# 

# #3 TO°3T 313[3 35^ 313# cR % 3# 3T* 3TOTT 3I3JJET 3®^3 

33T 3R#. 5313% 3I33T33T f$1353 5R13T3T 511431133 I 3% 




*3% 33#; 3# 3M*I3I 3n##RT 3TOR3 33# 3% 3^ 
*# 53 # 53333 I # 3# 3# 3# 313 31# 51#F #T 5 # 
## m =R #3 531# 33# d I %*T ##3 3#3 # 5f#[ 

%Rr 31313 531# TOT:3T *# 313#? ST 353 3T3J3 ^1^3 1 
5# 5nf5f v^idld g ) *i u ( £=4i (steering Head) f%3353 # 

533#33 3TO133T 3#3 HTW 5#. #1 WR f%3t^ 

531*1 TO1:3T 33T 

f#5lf# 3w# (WT f#5lf# # 5# Wfild), 



3 T 33 #TO 5 Ttsn# * 3 T I 



3 T 33 #^ 9 fmRft*STT 



35% ptpt ^ptp anpr#T arcicr tpt Rprst# p^rt (^13% 
fe^R^I t^ aTPP PhRi $ldl) ailRl 

3. 3*11^1 uhii^ri pfoM #r arp^pr t*ttt 

PRIP PwRt. 

PTltt ftfSTC Is aRTP P ## aFP#P PT3TT PPtP# $r|wSNfi 

3# P# tiff. apHtfl JPRFRP qr4lcl Pi# 3#PT tcRt 
FT P#PT ^rfT %f% m ant. 

3=n<£# ^ aRRTTPT PR^RSZIP PPT in JPPPfpT 3^1## 
fem (stability) *FPm ts #M PTF^P RtPT appRfc P5# P5PP 
3^1# prp %r prpt pp 3*ji#H# %ps f#w t^p^rt jptrf 
a#fi#T »iydl. am# *3pf R^i 3P1# swR# tr R\pi app?PM Ft 
<rt psft# wr tm pt# app?PMT Ft frt p tm arcfr ^pt# 

TRPRPT <sM^3*il< (Contours) mtm. Wf\ If #RT P Pt# apppte 
t ftf§PP PPftFP tplt tflPdld. Is #RT ^Po fr '3*0 aRT# <R 
arm#? pi^rpi eprtrpt ^ fr c hRkrt ar^ ppt# p#$p pftp 

aPFRR t«MKi jJPTpt PoiRsrPm PRP PST# PTP PTP# 



❖ fsrrcft - ptp# : 

3Pipt-PTP# pJUkti# tp#t pp ant. pt?tpt pppt p grot 
anftr f# pm ap#p ptm 3=0# arRMT aw#p-4d 

pmrt itt# ant. pt yd+i^r t#t$TT gsraftp# #p 

PFfT prf ant. 3FTPtt SFtr aRRT, wratarf# p 3P t?R 
erRtft# ^q- ff frt, fpt ptM ptpt F^pi^ #ptt pRrTp 

aRPW FRT PT Rpf^t 3^1# P># PPRTTP P5I%P tit t T#; PTg 



NIPP>??Ml 9Ttpr#<FPT iu 



ft«PT pptsmtt 3^T ^RR apt t PT PR# §#TT# PWR 
Sjoffnr fTP. 

PFJET ^T PRT# aTPT PS# t^T TPTPT PR cP# PTP a^RIP 
aRPTTP. PP3vR fPl^PT PP#PT PRRPPT PR TPRPT PTPRR PR#. 
PTP PPSPT PRRP^TT PgRTT #T PTP PT5 tERPRTT# 3En#TPRMT 
FR^TT PTPP PRIPT ^PTP PT#. F7M PTP* %PS P#PT# ##. ^PI^^PR 
STfKTFtffa PP# ^lirB'PR aR#% PtgPRT FTT^PTPPfPT #Rf#PRP# 
PTPT#. PRTP aRPTTPT PRRTRT P’JJjf ^l(l< (?fP#P#) $ P# t^TP# 

tptp arat. ?PT3^ pppfaT w trat. ptpt#pt p##p pp# Rrpp 

#P Pitt; Pt3 3?n# y i ^Rd l P T PTP PRRTTPPT P1RP PTP ft*R 
3 RT#, PTP P^RRt PP5IP5R #RP aRRTTcT. #PS PTPPTP#PT PPT^ 
tTdfSPf cb i dgUmK^ ap^PP P MRP PTPP aRRTTcf. PtPTIPT# 
3 M 3T# aR# #, FP 3 ^ PTP TRS PTPPfPTPT PTP^T PTPTP apf&T 
RTT^SP PSTPT PR#P PTRT PTPT^ twTT PT#. PPR^P fTPlt PPTS'JPTPT 
PT5T P 3En#TPRI% #p pi# #PPT aRRT #, PT##ipFPTt 
|T3M PPTS^PTPT RTit P5 PPSPPS TRS fTPTP apf&T PTP P P3PT 
?TfRMT 4ter aTTPR# #TM. ST4#P#P 3 PI#=K PTP aTPT aiRTPPTPPT 
arp#p w #r pt#; pp p#rfKi# prtp #t# aR#. tptpt apw# 

P# PT P#T ftlPRPT# f# aRT%. 
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PTP5R#W9frPT#P>PT I 




<W^1 «-IPT'3 |tA|| 

K. ^HcttM l 



□ www.exploratorium.edu/cycling 

itatm «u«Kila nrftdt ^nft ft aita ar^ art. 

□ www. science.uva.nl/research/amstel/bicycle 

# IsilPl* q ^Tltt 

art. 

□ www.pedalinghistory.com 

tan ta orrf&r ta tn nta It anr art. 

□ www.bicyclepaintings.com 

<wikh<*> Iftn n tarlcRK qrFim talfa. 

□ www. state, il.us/kids/isp/bikes/default .htm 
ftat ftanta ft tanfr anjn art. 

□ www.ctuc.asn.au/bicycles 

^tat a#r ddmn ta# ft nfe art. 

□ www. cycling.org/lists/hardcore-bicycle-science 

tamtam tar m tarta tad art. 

□ www.ibike.org/historymuseum.htm 
artardtr h^s^I chtiifc art. 
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s ^ ^ *) mmmft ^i^fl m# n 5^ nr ar# fm mntft rmt 
taita mncr tantt nit (|tar) ntata an#. 

<3 d ^ nm |fr nt 5$t rm ftanft |tat md Mr. #ft- 
ftd <?tatm #n. tatagd arrr tadt taidt. 

<* d ^ tarns tta tarltn tarar rift nw nrm wm 
n dt^n ftmdt mrm $tw wi. It wn dtam 
rr# mft. wnardt rtaram gtatm dtan art. 

<5 d ^ q Ist'jqi^il^t art w Mt ?nd. 

<) d 5. ^ tmt uf and nta# gtat rmrir an#, tatfta# 
t m rs fns nrd. 

-5 d w q §tat siMkid armn. 

3 d d d ta tad ^tatn ar Kinsr <jf sm. 

<i d d ^ taflr tan mrt. ftatn amansr l jf sm. 

<) d ^ ^ ntmr tor #n. 

«j d <*. ^ taftate qn % n nrmr tart tar tarn and. taf 
n gtatata qn ta ata: dtan# qn % 

gnta rmitat. 



rTrtatnrsTttatnn i ?d 



rmMMi #tatnn i ^ 



^ ° 3 ^ttI afRl^r ssnjft f^RM 

STfa Wm\. 

^ ^ suffix «HNi+i!^[cSt gqiciShi wk 3 

Baft. 

^ 4o a«HI«ll aPjnfifaSfa fa gjjft 

'jfR $T4iaFftaRff j%.4t. tai^r ? tm^t 
srcarfar ^r. 

••• 



^TTM+^^l ?fmT?fr^Tr | Xo 




